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APPARATUS FOR SELECTING WOOD STOCK TO
~ FORM PANELS OF PREDETERMINED SIZE

CROSS-REFERENCE TO RELATED 5
APPLICATION

This application is a continuation in part of my co-
pending application Ser. No.: 07/157,409, now U.S. Pat.
No. 4,943,328 filed Feb. 18, 1988, commonly assigned.

10
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the formation of panels of
wood by gluing together smaller sized pieces of wood
so as to utilize scrap wood materials which would oth- 13
erwise be discarded and form usable panels therefrom.

2. Description of Related Art

Elmendorf, U.S. Pat. No. 1,428,765, forms sheets of
wood from edge-glued wood strips using spacing grids
formed by bars. Rails allow the strips to slide on the 2
grids. The grids are used to carry edge-glued strips
which are manually placed on each grid. A number of
such supporting grids are shaped by stretching and
compressing.

Frisch, U.S. Pat. No. 2,526,342, shows edge-bonding 2°
apparatus where glue is applied to the edges of the
boards on an infeed table. The glued boards are fed 1nto
an area where a plurality of horizontal plungers apply
pressure across the end of the edge-bonded boards.
Upper and lower platens are provided which move into 30
and out of engagement on the boards as same move into
the pressurized area of the apparatus. The upper and
lower platens apply RF energy to the wood to cure the
glue in the gluing operation. FIG. 10 of this patent
shows a plurality of plungers utilized in the apparatus. 35
The plungers serve to apply pressure uniformly to the
sides of the board already selected for gluing. The
plungers do not serve to advance selected boards be-
yond a predetermined point for further processing.

Schroeder, U.S. Pat. No. 4,195,346, shows an appara- 40
~tus to sort and classify lumber utilizing a computer
programmed to select certain pieces. Schroeder’s sys-
tem selects based on the length and quality of the lum-
ber and develops electrical control signals from these
inputs. The control signals indicative of length and 45
quality are fed into a computer programmed to select
optimal cut-off length and optimum quality and to feed
these selections to cutting or sorting apparatus so that
the appropriate operations can be performed on se-
lected pieces of lumber. S0

The Schroeder system is designed to work 1n a saw-
mill. Schroeder requires and relies on a visual inspection
made by a human inspector who manually depresses
buttons he selects based on the inspector’s judgment
made by viewing the boards. The boards so classified by 55
the inspector are transferred on a sorting conveyor.
Kickers are provided to knock off the boards so that
they are placed in selected bins. Schroeder requires that
an operator manually depress buttons indicative of cri-
teria of wood boards which he observes from his inspec- 60
tion station. The computer then, based on preset crite-
ria, compares the results of the signals generated by the
depressed buttons with preset information and causes
the boards to be conveyed automatically to preselected
locations for further processing in the saw-mill. 65

Marino, U.S. Pat. No. 4,512,840, shows a machine for
forming planks by gluing a number of wood fillets to-
gether. The planks are obtained from uniform sized

2

wood fillets. Each plank is thirteen fillets wide and

several meters long. Marino shows a feed station for the

thirteen fillets. As the fillets are all of uniform size,
Marino does not require any sizing, selection or pro-
cessing based on the results of size analysis.

SUMMARY AND OBJECTS OF THE
INVENTION

The present invention relates to a method and appara-
tus for selecting wood stock of various sizes automati-
cally and to convey the stock to a series of locations
which carry them to work areas where gluing rollers
and other operations are performed to process the se-
lected pieces of stock. Specifically, the invention em-
ploys a track section with thirteen distinct tracks having
conveying means in which thirteen pieces of wood
stock are positioned. The pieces of stock are of uniform
length and thickness but are of unequal widths. The
boards are placed in each of the tracks with their non-
uniform dimension upright in the track.

The conveying means brings all of the separate wood
boards up to a scanning area. The scanning area utilizes
a track mounted analog proximity sensor positioned
perpendicularly to the conveyor for the boards so that
the proximity sensor will scan the height of each of the
thirteen boards each time the scanner passes along the
length of its track. The data received from the scanning
sensors as to the height of the various thirteen boards is
fed to a computer which computes which combination
of the thirteen boards equals a predetermined size for
the desired panel.

The computer then actuates a controller which, in
turn, actuates selected ones of thirteen separate solenoid
valves to control air to thirteen cylinders to raise or
Jower thirteen gates at the ends of each of the thirteen
wood stock tracks. Conveyor means then conveys the
selected boards to a secondary conveyor which carries
them to a subsequent work area where gluing rollers
and various other operations coact to further process
the selected boards.

The wood gluing art 1s long recognized the need to
automate what, for many years, has been essentially a
manual operation. The field requires the cutting and
sizing of strips of wood which are then glued along
their edges, clamped together, the glue allowed to set,
and the wooden panel, thus formed, removed for fur-
ther processing. Examples of various machinery devel-
oped to automate the steps of this operation are shown
in U.S. Pat. Nos. 4,374,165, 4,062,320, 4,489,925 and
3,771,779 and i U.S. patent application Ser. No.
846,363, filed Mar. 31, 1987, now U.S. Pat. No.
4,778,555 entitled Automatic Clamp Adjuster, all com-
monly assigned.

The present invention represents a further extension
of the automation of the various steps of the wood glu-
ing process. This invention automatically selects and
transmits to further work stations appropriately sized
pieces of stock which, when glued together (utilizing
various of the apparatus shown in the art for gluing such
strips together), saves time in the formation of the end
products.

The system described in my aforementioned co-pend-
ing application, Ser. No. 157,409, now U.S. Pat. No.
4,943,328, has proven itself in operation; however, it has
been found that its utility would be enhanced if the
additional functions (described in this application) were
added. These functions permit the system to provide
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additional information to and control for the operator;
namely,

(i) a count of the number of panels made by the appa-
ratus and generation of control signal (which can
be used to stop the apparatus) when a preset num-
ber of panels are made; and,

(i) generation of a report (on a screen or on a printer)
covering the production on the machine during a
time period which generates information by panel
size, panel area, board feet, specie, and operator
identification.

These features are incorporated in the system by
modification of the computer program and the addition
of a printer to give a permanent record of the dispiay.

A principal object of the invention is the provision of

apparatus which will automatically select the widths of

the boards necessary to make up a panel of predeter-
mined dimensions.

A further object of the present invention 1s to auto-
mate and make more efficient the fabrication of wood
panels by gluing together pieces of wood.

Another object of the present invention is the provi-
sion of an apparatus which automatically stores a num-
ber of strips of wood having uniform length and thick-
ness but non-uniform widths. The apparatus automati-
cally selects the number of pieces of the widths pres-
ented to make up the desired panel width.

A further object of the present invention is the provi-
sion of an apparatus which automatically takes the se-
lected pieces of wood and transmits them to a work
station, first passing them over an edge-gluing roller.

Yet another object of the present invention 1s the
provision of an automatic stop which acts to inhibit
operation of the system until glued selected wood
pieces are removed from the apparatus for further pro-
cessing.

A still further object of the present invention 1s the
provision of a computer program which processes the
information preset by the operator for width of the
panel to be formed, the number of pieces of wood to be
selected and the tolerances for the panel to be formed.

A further object of the present invention is the imple-
mentation of an algorithm in the computer program,
which algorithm develops output signals to select
boards of different widths to make up a panel having
preselected width, number of boards to be contained 1n
the panel, and desired tolerance. |

Another object of the present invention 1s the provi-
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sion of a scanner apparatus for scanning the widths of sg

the plurality of boards and developing output signals
indicative of the width of the board and the location of
each board scanned.

Yet another object of the present invention is the
provision of scanning apparatus which employs an ana-
log sensor for generating an electrical signal indicative
of the width of the board which analog sensor operates
by impinging compressional wave energy (ultrasonic
signal) on the board and receiving a reflected signal
therefrom.

A further object of the present invention is the em-
ployment in a scanning system of a digital location
sensor which senses the position of the analog sensor by
developing a signal based on selection of mechanical
indicia for each channel where boards are mounted.

Another object of the present invention is the em-
ployment of a scanning system employing analog and
digital sensors mounted on a rodless cylinder which

33
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serves to index the sensors across the width of the ends
of the boards.

These as well as further objects and advantages of the
invention will become apparent to those skilled 1n the
art from a review of the following detailed specification
and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a top view of the apparatus of the invention;

FIG. 2 1s a side view of the apparatus;

FIG. 3 is a perspective view partially in section of the
infeed portion of the apparatus shown in FIGS. 1 and 2;

FIG. 4 is an end view of a portion of the apparatus
shown in FIG. 3, taken along the line 4—4 of FIG. 3;

FIG. § is a perspective view partially in sectton of the
scanning subsystem of FIGS. 1 and 2;

FIG. 6 is a perspective view partially 1n section of a
portion of the gating subsystem of the invention;

FIG. 7 1s an end view taken along the line 7—7 of
FIG. 6 of a portion of the gating system of the inven-
tion;

F1G. 8 is a perspective view partially in section of the
outfeed apparatus of the invention;

FIG. 9 is a diagrammatic view of the connections
amongst the various subsystems in the invention; and

FIG. 10 i1s a flow chart for the computer program
employed in the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 11s a top view of the apparatus employed 1n the
invention. FIG. 1 consists of two main sections; an
infeed section 2 s provided to the left of FIG. 1 which
includes infeed table surface 32. The infeed table surface
32 serves as a working surface which enables the opera-
tor to stack pieces of wood in thirteen separate tracks
shown generally at 30. The operator has available to
him a hand held push button controller 48. When the
operator has filled the tracks 30 with pieces of wood,
the operator depresses the push button on controller 48
to activate the apparatus. The thirteen tracks each may
contain a number of uniform length, uniform thickness
but not non-uniform width pieces of wood. These thir-
teen tracks extend along the length of the frames sup-
porting infeed section 2 until they pass beneath a scan-
ner section shown generally at 84.

Each of the thirteen tracks 30 end in respective ones
of thirteen gates shown generally at 28 in FIG. 1. The
gates permit a number of selected boards to pass on to
the second main section of the apparatus, the output
section 4.

This scanner section 1s followed by an outfeed section
shown generally at 4. The outfeed section takes the
selected boards from the gates and conveys them to a
work station after passing the boards through a concen-
trator. The concentrator consists of rails 12 and 14
which serve to concentrate and compress the boards
into a compact arrangement and may be located cen-
trally of the outfeed section 4. The boards thus concen-
trated are in turn passed over the glue roller 10. Glue is
applied to the boards by roller 10 on one edge thereof
and are then conveyed to a wand 8 which acts as a stop
wand or feeler. Wand 8 is pivoted about a spring-loaded
pivot mounting 6. Movement of the wand to the posi-
tion shown in FIG. 1 stops the apparatus. Release of the
wand from the position shown in FIG. 1 permits the
apparatus to operate. The wand 8 1s caused to release
from the position shown in FIG. 1 when the bundle of
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boards which has caused the wand to move its *“off”
position as shown in FIG. 1 is removed by the operator
for further processing.

The outfeed section 4 of FIG. 1 includes a number of
rotatable roller rails 16. These roller rails 16 are chain-
driven by chains 22, 4 and 42 in FIG. 1. The set of
roller rails 16 conveys the boards from the gates 28
through the concentrators 12 and 14. Another set of
roller rails 18 controlled by chain drives 38, 40 and 20
take the boards from the glue roller 10 to the end of the
apparatus at stop wand 8.

As shown in FIG. 2, a side view of the apparatus of
FIG. 1, infeed table surface 32 is connected to the thir-
teen rails in conveying section 2 of the apparatus.

FI1G. 2 also shows a keyboard 48 with a liquid crystal
display. The keyboard 48 is mounted on a panel ad)a-
cent the scanning section. This keyboard allows the
scanning apparatus to be set with selection parameters
which will be described in connection with the com-
puter program by which the apparatus operates as fur-
ther described in connection with FIGS. 9 and 10
hereof.

The side view of FIG. 2 also shows a plurality of sets
of boards located at various points along the apparatus.
Also shown in FIGS. 2 and § is a vertical support bar 86
which mounts the scanner section of the apparatus. The
scanner section consists of an ultrasonic analog scanner
50 and a digital proximity sensor $2. Each of these scan-
ners are mounted on a supporting bracket 96 which 1s,
in turn, mounted to a rodless cylinder 24. As 1s known
in the art, a rodless cylinder is an air-driven device
which allows a carriage to move from one side of the
apparatus to the other. This is commercially available
apparatus identified as model BC100-1P X 30" manufac-
tured by Tolomatic and is employed in the present in-
vention to move the scanners 50 and 52 across the entire
width of the thirteen channels 30. The rodless cylinder
is mounted on bracket supports 86 and 88. A plate 84 1s
mounted on the top of the rodless cylinder 24. Plate 84
has thirteen stopnuts shown generally at 26 mounted
therein. The stopnuts 26 provide an indication of loca-
tion by proximity to sensor 52. The analog proximity
sensor 50 develops electrical signals based on ultrasonic
detected signals indicative of the width (height n
FIGS. 2 and 5) of each of the boards. The digital prox-
imity sensor 52 detects which channel the analog sensor
is measuring by a count of pulses indicative of sensing
its proximity to the stopnuts 26. More particularly, a
count from one to thirteen is developed as the proximity
sensor 52 moves across the rodless cylinder 24 from one
end to the other.

As shown in FIGS. 1, 2 and 6, an electric eye circuit
60 is provided to generate a signal indicative of boards
passing in the path of the electric eye 60. Numeral 90
denotes the electrical lead wire connecting the sensors
80 and 52 to the computer portion of the apparatus.

FIG. 3 shows the infeed section of the apparatus of
FIGS. 1 and 2 in more detail. In FIG. 3, the infeed table
32 is mounted on a support bracket 76. One of the thir-
teen wood feeding tracks is shown in FIG. 3. This track
is formed between rails 68 and 70. A piece of wood 66
is shown edge-mounted between the rails 68 and 70.
The rails 68 and 70 are fastened to lateral frame supports
such as 33 by a mounting fastener suitable to the materi-
als of which the rail 68 and the support 33 1s formed
such as shown generally at 64. A chain drive is shown
at 74 and serves to rotate roller rails such as 72, 78 and
80 to convey the wood piece 66 along the length of the

3

10

15

20

25

30

35

45

50

35

63

6

infeed rail structure. As shown in FIGS. 3 and 4, the
structural support is provided by two complimentary
U-shaped brackets 62 and 82. These brackets serve to
provide structural integrity for the infeed section as
well as to provide a safe protected covered housing for
the chain drive 74.

F1G. 5 shows the scanning section of the invention.
As will now be seen, thirteen boards of uniform length
and thickness but different widths are presented beneath
the scanning section. These boards are designated by
numerals 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 and 25.
The boards are located beneath the two scanners: the
analog scanner 50 and the digital scanner 52. The scan-
ners 50 and 52 are mounted on the rodless cylinder 24.
The rodless cylinder is coupled to the scanners via
scanner mounting bracket 98, 96. This bracket consists
of U-shaped portions having a short leg 98 and a long
leg 96. Proximity digital sensor 52 i1s mounted on leg 96
and analog sensor 50 is mounted between leg 96 and
short leg 98. As is known in the art, rodless cylinder 24
is coupled to the bracket 96,98 and, under control of air
lines 94 and 92, serves to slide bracket 96, 98 from one
side of cylinder 24 to the other at a uniform rate. There
is also mounted on rodless cylinder 24 a mounting plate
84 which contains the thirteen stopnuts shown gener-
ally at 26. It is these stopnuts that cooperate with and
are sensed by the proximity sensor 52 so that actual
signals indicative of the count of each stopnut from one
through thirteen are developed for each scan of the
sensors 52 and 80 across rodless cylinder 24. The rodless
cylinder 24 is in turn mounted on the remaining appara-
tus by vertical supports 86 and 88. The brackets 86 and
88 are coupled to support rails 100 and 102 1n FIG. §
and 62 and 82 in FIGS. 3 and 4 (for support 88) via a bar
such as 104 which is fastened to rail 100.

An important feature of the invention is shown in
FIG. 5 as calibration block or gauge block 34. This
gauge block contains two surfaces, a top surface 56 and
a lower surface 58 located coincident with the level of
the surface of the rails (one rail 1s shown in FIG. $ at
27). As will be explained later, analog ultrasonic sensor
50 utilizes these surfaces as calibration surfaces for the
scan so as to gauge the range of widths of the pieces of
wood.

FIG. 6 shows the gauge block 54 in more detail. In
FIG. 6, the gauge block is viewed from the end opposite
that shown in FIG. § so that two of the thirteen gates
are also seen in this showing. More particularly, FIG. 6
shows the mounting bracket supports 104 and 86 for the
scanning section. These brackets are connected to sup-
port rails 102, 100 as discussed in connection with FIG.
5. The gauge block 54 has a top surface §6 and bottom
surface 58 formed therein. Two pieces of wood 19 and
21 are shown in FIG. 6 having arrived at the end loca-
tion for the infeed section of the apparatus. Electric eye
60 is mounted to support rails 102, 100.

Each of the thirteen channels are controlled by gates
which consist generally of a solenoid operated air cylin-
der 106 and a movable gate element 108 mounted to the
air cylinder. When the cylinder is actuated, the element
108 1s caused to drop down from the position shown in
FIGS. 6 and 7 applicable to board 21 to the lower posi-
tion shown in FIGS. 6 and 7 applicable to board 19.
This allows the board 19 to advance to the next station.
In FIGS. 6 and 7, numerals 27, 29 and 31 denote the
support rails for the channels in which boards 21 and 19
are carried. The cylinders are mounted on and sup-
ported by mounting plate 110.
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FIG. 8 shows the outfeed portion of the apparatus.
FI1G. 8 shows three groups of boards progressing from
the gates 108 through the giue roller 10. As shown, the
boards are concentrated by two rails 12 and 14 which
are mounted such that the boards are caused to move
closer to each other before they pass over edge-gluing
roller 10. Numeral 40 denotes one of the chain drives
for the roller rails employed in the section of rails

downstream of the glue roller 10 and chain drives 22, 42
and 44 operate the section of rails 16 Jocated upstream

of the glue roller 10.

FIG. 9 1s a diagram which shows the electrical con-
nections of the various elements previously described in
connection with FIGS. 1-8. The apparatus employs
drive motors 112 and 116. Motor 112 operates infeed
section 2. Motor 116 controls the glue roller 10, the
intermediate section roller rails 16 upstream of glue
roller 10 and the rails 18 downstream on controller 48 of
glue roller 10. A push button on controller 48, described

in connection with FIG. 2 above, causes the apparatus 20

to start, stop and scan under contro! of the operator.
The controller 48 permits the operator to select the
width of the panel to be formed by the pieces, the num-
ber of pieces to be selected and the tolerance applicable
to the selection. These signals are fed to computer 114,
Computer 114 also receives as inputs, the outputs of
digital proximity sensor 52 and analog sensor 30 from
the scanning system. The computer 114 1s also con-
nected to receive the input of the electric eye sensor 60.
The computer controls the gates 106, 108 to select the
boards for passage to glue roller 10 until de-energized
by stop wand 8 on mounting pivot 6. A printer 200 is
connected to computer 114.

The following table shows the manufacturer and
model number of each of the elements of FIG. 9:

Computer 114—Wintek 6809 Control Computer

Controller 48—Quartic Systems QTERM-HRI

Electric eye sensor 60—Sunx NX-52M Beam Sensor

Digital  proximity  sensor  S2—Microswitch

923AA4W-ATT-L o
Analog sensor 50—Agastat PCU-A-30-M-30-AV

tinclude 'psio.h’

int usedl221,scandir}

int boardsizell2],

unsiqned int outstatus,outstatld]

int numslots,numslotplusl;

int mavtoards,btoardssent ,maxkoardsperpanel;
- int ccode,zerocount,releasecount,rescan;
long sizelefti;
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Gates 106,108—Bimba 191-D 1-1/16 bore X 1" stroke

In practice, the number of thirteen different tracks
from which the desired number of boards 1s to be se-
lected was empirically derived. The number of boards
required to make up a panel of the desired thickness
could be more or less than thirteen depending on the
variations in the output panel size desired and the size of
the input stock from which the panel 1s to be formed.

With respect to maximum and minimum sizes, in
operation, Applicant has found that the boards can vary

in size from one inch to six inches in width (height when
used in the apparatus).

The scanning section can select panels of any total
width even wider than 137X 6", The selector accom-
plishes this by making a number of runs. For example, 1f
a panel of 200" is desired, even though the apparatus
provides only thirteen pieces of a maximum 6" height,
three separate runs would be performed. On the first
run, all the boards would be selected. On the second
run, again all the boards would be selected. On the third

“run, the number of boards necessary to give a total

number of 200" would be selected.

If the scanning cannot select boards within the de-
sired tolerance (for example, 15"+ or —1/32") then it
selects the combination that is closest to and larger than
the desired size. The flow chart for the program de-
scribed below is shown in FIG. 10 hereof. The com-

puter program for controlling the apparatus is set forth
below.

‘The program instructions for printing the information
concerning operations of the apparatus are in the lines
labeled, “PRINTER OUTPUT”. These instructions
print information consisting of customer code, panel
width, length, thickness, number of panels and number
of boards. The information regarding production totals
can also be printed.

The program instruction for generating a count alarm
to stop the machine when a preset number of panels are
produced are labeled, “COUNT ALARM IS
REACHED”. | |

int metric)] /&A% will be set to one if working in metric (input 44) A4/

/xkx Version 1.8

alinus st and l3st slots to be left emply &i&/

/ikk Note: Versionns 1.7 and areater allow the user to program in the maximum number A2/

/%% of boards per panel.
/hx*% with too many boards.

m3ain()
{

The proaram simply rejects sny combinalion
1f there is no combination, it sends the
/4x3k closest size if it is within maximum tolerance

A&/

kik/
AXA/

long size,lastsize,length=0,thick=0,totpanels=0,numboards=0,totboards=0;

float totsqft=0.0,totbdft=0.0,{loatdun;
int tolerance;

int mautol=9%9%,

long longinput ()]

int numpanels=U;

int>rode=0,3l3rn=0]

char c,custcodel1bl]
custeodel0l='\0";
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CCUdE:JOO;

scandir=0;
marboards=99;
mauboardsperpanel=973;
rescan=l;

ioinit();
printl(l,'Startup®);
/Ax% sel metric flag XXX/
if (sense(4))
{
metric=1;
tolerance=706;
}
else
{
metric=0;
tolerance=30;
),
while {ischar()) inchar()};
sice=lonainput((longl)0,6.d4-metric,"Enter bFanel Size'};
if (isprint(})
{
lenath=longinput(length,G,3-mnetric,* Enter Board\n  lepath'):
thick=longinput(thick,5,9-metric,* Enter Boardin Thiclkneszs');
}
if (sprint{)) printl(2,*\n  Jobl NMataq Totzle\p----~- mmms———es emeeee
if (size==¥yv89) adccall();
lagisice=tize;
cicelef1=0;
cetnunslots();
again.
cls();
printl(l,*V2.6 tCount:®);
printint{(l,numpanels};
printl(l,*\nPanelsize:*);
printlong(l,lastsize,5,3-metric,’ ")}
printl(l,*\pA-Fanel Sizel\rk-Heru 2 (other)'):
/%% Check for 3 key pressed kii/

1f (ischar() || numslots==0)
{

1f (noaslots!=0) c=inchar();
while (ischar()) inchar(); /&% flush tmffer &%i/
if (e=="A")
{
if (isprint() %% numpsanelelO)
{
cls();

printlid{l,*\n VFPrinting...\n Flease U3it*);
if (custcodelOd!="\0")
{
printl(d,*Code:’);
printl{(2,custcode);
printl(2,*\n");
}

. printl (2, 'Width : ");
printlonq{d,size,6,3-netric,’ );
printl(2, *\nlength: *);
printlonq(2,length,6,3-metiric,’ /)
printl(2, *\nlthick ¢ *);

ToV printlong(2,thick,6,3-metric,’ /)
?Y,n . printl (2, *\nkanels: *);

ffu totpanels+=numnpanels;
oV printiong(2, (long)runpanele,?

LSRR ¥
printlong(2,totpancsls,g,0,’ *);
printl1(2,*\nkoards: *);
totbhoards+=numboards;
printlong(2,{lonq)rumkoards,?,0,’ ’);
printlong(2,toiboards,8,0,’ “1};

if (metric) '
{

floatdum=(size/100000.0)A(1ength/100000.0)rnurpanels?
printl{(2,*\nSq.lt.: *);
\ .
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else
{
floatdum=(s1ze/180000.0)A(1enqth/12000.0)Arnumpanels;
printl(2,*\nSgq.Yt.: *);
} |
totegft+=tloatdunm;
printlong(2,(long) (f1ostdum),7,0,7 7);
printlong(d,{(long) (totsqtit),8,0," *);
if (metric)
{
floatdumi=thick/100000.0;
printl(2,*\nCu.Mt.? *);
}
else
{
floatdumi=thick/1000.0;
printl(2,*\nBd.¥t.2 *);
}
totbdft+=floatdum;
printlong(Z (long) ({loatdum),?, U S I
printlong(d, (long) (totbdft), B U ‘1)
printl(d,*\n-mrmccwmee o \n'!;
}

lactsize=size;
size=longinput(cize,G,3-metric, "Enter Panel Size®):
if (isprint())

{
lenath=longinput(lenqth,G,3-metric," Enter Koard\n Length");

thick=longinput(thick,5,d~metric,' Enter Board\n Thickness'):
}

alarm=0;,
nunpanels=0;
numbosrds=0;
lastsize=sice,
siceleft=0;
rescan=1};

¥

elese if (ec=='B’ || numslote==0)

{

cls()}

printl({l,*A-Tolerances nb-lisgnostics\nC-Extrac\n®);
while (lischar())};

c=inchar();

if (c==‘4")
{
cls{);

prlntl(l "A-Initial Tol.\nK-Hauimum Yol.\nC-Koards/HEatch\nl- Boards/Panel’);
while (Tischar());

c=inchar();
1f (c=='fA')
{

tolerance=longinput((long)tolerance,3,3- -metric,*Enter Tolerance’);
qolo tolmernu,

t
else if (c=='R")
{
mantul=lun9input((lung)mantul,4,3—metric,'Enter Haximum\n  lolerance');
q0t0 tolmenu;
Y
else if (c=='(")

{

marxboards=lonqinput((longlimanboards, 2,0, "Enter MHaximun ¥\nBoards/Hatch');
go0to tolmenwy; |

}
else 1f (c=="1")
{

maxboardsperpanel=longinput((lony)maxboardeperpanel, 2, O,'Enter Havimun $\r
qoto tolmenu;

Y
X

else if (e==‘R")

{
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Ji3agmenu:
cls();
printl(l,*# of SLlots: *);
printint(l,pumslots);
printl(l, "\nA-1nput/Uutput\pk-NHeasurements\nC-tiagnostics");
while (licechar())};
c=inchar{);

if (e=='4A")
/% Display status of inpuls A/
{

chowinpute();
qoto dizgmenu;
X
else if (¢=='R7)
/hkxkx Display individual bosrd sizes A&/
c ‘
showsizes();
qoto dizgmenu;
by
else if (e==7C")
/% perform diaqnostic tests A/

{
Jiagnostics();
rescan=1,
goto diagmenu;
}

}

else if (e=='C")
C
extramenu:
cls()]

printl(l,*A-Frduction Code\nB-Lount Alarm\nC-Aplicator lode®);
while (lischar(}));
c=incharf);

if (e=="4")
{
stringinput(custcode,l16,’ Eniter\nFroduction Code'};
qoto exiramenu;
> .
else if (c=='R")
{
alarm=longinput({longl)alsrm,4,9," Enter\pAlarm Foint');,
noto extramenu; |
}
else if (e=='C")
{
cls();

printl(l,*Applicator MHodei\n\nlHit Enter\mto exit.*®);
while (ltischar())
{
1f (cense(UTOFUANLD ) outon(APFLICALUKR)
else outnff(ATFLICATOR) S
%
outof f(APFLICATOR)
while (ischar()) inchar();

J
}
}
}
else if {(sizel=0)
{

/kk% Try to m3ke 2 panel XAA/
c=makepanel(size,tolerance,maitol);
if (c1=0)

' {
//‘“:/'h € nunboards+=c;

5-7‘6}’.{' ,'f lastsize=sice-sizeleft;
if (++numpanels==alarm)
{
C‘?a”/'_ cls();
| 7/arm f_;' pri_nt%(l,'ﬁlarm Count of\n'};
printint(l,alarm);

’K’enclec/ printl(l,* h3s been\nreached. Hit any\nkey to continve.®*):



5,161,697
15 16

while (lischar())
{

if (sense(ST0PWANILY) outon(APFLICATIOR)
else outoff(APFL (CATOR?Y;

¥
outoff (APPLICATUR) ]
while (ischar(})) inchar(),;
}
}
}
qo0to0 3g3ing

}

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

$include *psio.h’

int scanboards{metric)
int metric;
/% number of unmeasureable boards is returned

kk% If metric=l, sizes are returned in mmil00, otherwise in inchesx1000
kAk/ | |

{
extern int boardsizel22),numslots,nunslotplucl;
extern int scandir,rescan;
int dummy,serocount=0;
float gagel ,33qeb,tarqaqel,farqgaqet,ql,56,dumboard;
/kk% read values kAk/
scananaing
rescan=0,
scanstart();
if (scandir)
{
farqageb=readsize(l);
fargagel=readsize(0);
for (dummy=rumslots;dummys=1;-~dummy)
boardsizcefldummyl=readsize{(0):
33nel=readsize(0);
gaqeb=readsize(l);
)
“else
{
n39eb=readsize(l)};
qagel=readsice(0);
for (dummy=l;dummy<=numslots)++dummy)
boardsizeldummyl=readsize(Q),;
fargaqel=readsize(0);
fargageb=readsize(l);
),

/%% if gaceblock v3alue 15 out of ranae, scan again AKA/
if (q3qeb<b30 || 93qe0621250 || fargaqrGi630 || fargaqe6>1250 |/
939el1<3350 |1 939el>3950 || farg32el<3350 || f3rg3gelr3950)
{
cls();
printl(l,'lage block\nmeasurement\nerror"};
delay(1000);
rescan=],;
1f (ischar()) returni(-1);
q0to scan3gain,

>
/kA% convert boardsice numbers to inches ucing AAX/
/x%% gage blocks for auto calibration. A/
for (dummy=silidumny<{=numslots:++dummy)

{

gl={{numslotplusl-dummy)*aagel+dunnyrfarqgaqel )/ (float)numslotplusl;
q6=({nunslotplusl-dummy)tqageb+tdummyifarqaqged)/(float)numslotplusl;
dumbo3ard=1.0453.0A((g]~boardeizeldunnyl)/(ql-a6) )3
-~ if (dumboard<.8)
{
boardsizetdJunmyl=90;
if (dummy>l 38 dummy<numslots) ++4zerocount:
}
else
{
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if (metric) dumboardr=2.,%4;
boardsiceldummyl=dunboardi1000;
h

}

return{zerocount?})
H

int readsize(sel)
int sel;
/Ak%x Returne the size (voliage) of one toard,. Fkk/
/4%% This routine assumes the sensor is traversing AAx/
/kx% Look for down clope, then min value, then up slope kki/
/x%k%x The min value must be in 3 flat cone. kAx/

[hkk if sel==1, will return min value reqardlesc of slopes Xx&i/

{

int flat=0,minnoup=32000,minup=32000,:,doun=sel,y=0,2min=32000;

/kxx within 3ny one fl3t zone, 2 minimum value first goes into
winnoup. On an upslope, either in the flat zone or 3t the
end of the flat zone, it may qo into minup. Finally at the
end of the flat zone or a3t the erd of the scan, it may g0
into umin which will bre returned. X&&/

dDHﬁ=5E1;
/ikk flet off of delimeter XAt/
while (leense(DELIMETER));
/%% Traverse until next delimeter A&4/
while (sense(DELIMETER))
P .
n=getsde(); |
if (x<y) doun=l; /A%% set ftl3g on first doun slope AAA/
if (uxy || sel) Zkikx vpslope Xix/

{
if (minnoup<minup) mMinup=mInnoup,
ks
1f (u-y<15 kL y-u<10) /747 f1la3t AR/
- A{
++f13)
/Ax% keep track of winimum within this flal =zone. A minimum 1S
only valid if 3 Jdown clope has occurcd AXX/
if (w<winnoup 1% doun) minnoup=3i;
Y
else /%4k not flat A&Xx/
{

[*%% This can be the minimum if 311 of Ltue following 3re trues
k% - it has been flat for at leasst five readinas.
2x%k - 1t is lecss itnal the previnus minimum,.
4tk - there w3s 3 doun clope before the minimum. (chechked in minnoup)
A% — there was an up slope after the minimum, (checked in minup)
xR/
if (£13t>4 &% minupdumin) xmin=minup;
f13t=0;
alinroup=32000;
minup=32000;
+
y=iy
}
if (flat>4 %Y minupdumin) umin=minup;

return(uninl i -
}

-------------------------------------------------------------

/kk% Terminal Specific commands for Uuwartic Wierm x&i/

cls()
¢

printl(l,*\033E");]

delay(200);

),
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printst(u,y)
int ¥,vyy
t
printl(l,*\0331%);
putchar ({char) (47+yx1G6+:) )3
}

beep();

lllllllllllllllllllllllllllllllll

showsizes ()
/hit displays the sizes of individual boardc KXA/
{
extern int boardsizeldZi,numslots,metric;
int dummy;

cls{);
printiil,'Enter 0 to scan,\nSlot number, or\nENTER to quit.\n®);
3331in;
while(lischar() )}
dummy=inchar (),
if (dumemy>=48 8% dunmy<=37) dummy-=48;
if (Jummy>=63 3% dummy{=76) dummy-=33;
if (dummy>numslots) return;
if (Jummy==0) scanboards();
else
{
printat(l,4);
putchar(’37);
printint{l,dumny);
putchar(/="23
printlong(l,{long)boardsizeldummyl,6,3-netric,’ "1}
printl(l,"® "3
}
gotoc againg
3
1Y

$include *psio.n’

extern int numslots,numslotplusl;

setnumslots()
/&% scans and counts delimeters, then sets numslots Axx/
/AxA and numslotspp XA/
{

int state,count,time;

cls(}; |
printl(]l,*Setting number\not slots.');
count=-1;
scanstart();
if (sense(DELIHETER))
{
printl(l,*ltelimeter Sensorinout of position.\rKestart Hachine.®);
while(l); |
}
Jo {
time=0;
state=sense (DELINETEK); o
while (state==cense(LDELIHETER) &% (++Limed4000 [ (Lime<10000 &% cuunt%ll)));
}
while (++count<12 || timed4000); |
if ({count/2)42!=count ] count<2B) /AXA odd ¢ of transitinns AAA/
{
telluser ("Error counting\nslots. Hit\nany key.®);
numslots=0;
numslotplusl=90;
h
else

{
numslots=(count-4}/2;
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rumslotplusl=numslots+l;
}
}
RRRRRE)

-------

/% misc. routines &/ .
$include *psio.h’

int waitstart()

/% Maits for start button off, then on 393in, or 2 key is pressed &/
{

while (ischar()) inchar(),
while (lischar(})]
inchar())

}

int delay(time)
/% Belays for time miliseconds X/
int time;
{
int dummy,d2;

for (dummy=l;dummy<{=time;++dunmy)
for (d2=1;d2¢=305++32),

b,

int scanstart ()
/% Start scan cyl,. traversinn in orposite directian A/
{
eutern int scandir)
scandir=!scandir;
if (scandir) outon(ELANCYL?Y
else outoff (SCANCYL) ]
} ‘

int cyl(u)
int 33
/%% translates outputs 3s follows!

kkx 0 --- 106
Ak 1 -=> 1
k% k oo

Akk 13 --> 13

xxx 14 --2 17

* A K .o

Akt 21 --» 24

kkk 22 --> 14

Aikx 23 --> 10

ki k/

{

if (x==0)-return (16);
if (11<=13) return ()5
if (x<=21) return (44313
return (-8,

by

||||||||||||||||||
- » . " - » - - - ] L - » ] L] L] L] a [ ] » ] | 4 ] L] - L] L] L L] Ls L] - ] L ;] L L L] L] u u ] L ] ] L} 1] ] 1 1 - [} & - - i ) L] L] L] L] : : - : 1 : -! iiiiiiiiii

showinputs(} ‘

/kx* Displays status of inputs for user to see Akk/

/xxk and toggles outputs at users request AXi/
{

int dummy,i051,u;

cls{);
printl(l, Fress output #\nor ENYEK to Quitlmlnpuict Ultraliln®)j

again:
if (sense(l)!=il1] || sense{(2)1=iL2] || sense(3)!1=il33 |] sense(4)i=il4] |[ geladc()!=u
{
printat(l,4);
for (dummy=l;dummy<=4;++dumny)

{
ildumnyl=cense{dummny);
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if (ifdummyld) printl{l,*X *);
else printl{l,*U ");
)
it=gqetadc ()]
putchar(’ 7))}
printint(l,u);
printll(l,? '
}
/ k%% Checlk for rey hit...Change outpubt stats &i4/
"if (ischar())
{ i
dummy=inchar ()]
1f (Jummy==13) dJunmy=100;
if (dummyr=48 Y& dummy<=37) dummy-=48:
if (dummy>=65 8% dumny<=79) dummy-=355
1f Cdumny>24)
{
for (dummy=1jdummy<=24;++Jummy)
1f (dummy!=16) outoff (dummy),;
return;
¥

if (dummy==0 || dummy==16) scanstzrti();
else
if (1son{dummy)) outoifl{dunmy);

else outtonCdummy);

}
q0t0 393in;
}

lllllllll
--------------------------------------------------------

{$inciude *psio.h®
adccal()
{
/k&% Special routine for calibrating the AUC in our shop
A% This routine azssumes the applicator relay is controlling

kkk the voltaqe. When appplicator is off, voltage is OVUC and
k% when applicator 1s on, voltiage is SVIOC.
ki K/

int count,x;

while(1)
{
/xk*x chechk top screw XA/
outof £ (APPLIUCATIOR)
Jelay(500);
count=0;
cle();
printl(l,'Top ScrewiNn\n\n'),;
while (count<20)
{
delay($0);
w=netade())
if (u{1)

_ {
‘ printl(l,*Yurn CCW  \n');
count=0;
}
else 1f (x3-4)
{

printl1(l,'Turn CH  \n');
count=0;
}
else
{
primtl{l,"* foodg! \n');
++count;
}
}
/Akkx check bottom screw Ai4/
outon(AFPL [CATOR);
delay(300);

24
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count=0;
cis();
printl(l, Hottom Screwi\m\nhn' )
while {count<20)
{
delay(50);
¥=qetadc();
1f (:2<74091)
{
primtl(l,"Turn CH  \n');
count=0;

}
else 1f (1>4094)

{
printi(l,*Turn CCW  \n®):
count=0;
}

- else
{
printl(l,* fipod! \n');
++count;
}

}
Y

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

long longinput(init,diqits,decimals,pronpt)
/kk% prints prompt, then lets user input a long number with %A%/
/kk% digits digits, a decimal at decimals from the right Akk/
/%%% C clears the screen and only EHIER (d) enters ihe value Xx&A/
long init;
int digits,decimals;
char Aprompt;
{
long num=0;
char ¢,
int count=0;

cls{);
printl(l,prompt);
printl(l,"\n\n\ntress L to Clear®);
while (ischar()) inchar()) /&X% clear input buifer XiA/
printat(6,3);
printlong(l,init,diqits,decinals,’ ") -
putchar(‘\b’); /&%x backspace Axi/
while (1)
{
c=inchar();
if ((er=71" 8% e='9’) || fle=='H" %% count:Q) || c=='C’)

{

. it (c=='C")
{
count=0;
rnun=0;

}

elee if (++count{=digits)
num=rpnil0+c~-40;

printat(6,3);
printlonqa(l,num,digits,decimals,’
puutchar (‘\b’)}; /&x% backspace &&&/
}

else if (c=='d’ || e=="\r")
{ .
if {count==0) returnlinit);
else return{numly
}

f);

26
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stringinput{stg,lenqth,prompt)

/xk% This function imputs 3 string with maximum lenalh length ar

xx% puts it into stqg.
ARAK/
char isty.kpronpt;
int length;
{
int count=0;
char c;
cls();
printl(l,prompt);
printl{l, *\n\n*);

Lharactnrs are input until ‘47 iz hit

while (ischar()) inchar(); /A&& clesr buifer AZK/

while (1)
{

c=1nchar(};
1f (c=='d’ || e=="\r"’

{
kstg=/\0"}

)

/kk% f£ill with blank spaces AXA/
while (++count<{=length)

putehar(” ")}

return;
}

if (c=='\b’) /kkk backspace ixrk/

{

if (count>0)
{
putchar{c);
~-st3)
-=count;
}

}

else if (count<lennath) /&% 3dd this character Ak%/

{
++count,
putchar(c);

ksta=c;
t+st9;
>
Y
}
?T?*"‘“*"'{“{r‘.ﬂ"“"*".‘:T".ﬂ‘?".'ﬁ?‘:‘:‘ﬁ‘.‘.'.".T'I".“‘: P A A AR R A S A A S A A S B A TR TR Al A nh wln

iiiiiiiiiiiiiiiiiiiiiiiiii

int ioinit ()

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

extern unsigned int outstatus,poutstatl)

/ek% Initializes 3ll 1o cards &iX/

{

outstatus="0;
outstat2="0;
output (outstatus);
output2(outstat);
clrade();
clrsen();

>

int sense(input)

/Ak&x returns 3 0 or non O value depending on whether an AkA/

/kkx input number input

15 ©Of. hhx/

/kxk If input is neaative, It doesn’t re-read input values XAX/

int input;
{
static unsigned int sen;

if {inpul>0) sen=3etsenti)y
else input=-input;

return{i{sen & (0101 <<
}

(inputi2-1))));

28
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/+4%% Refore ucing these routines, outstatus has to be declared as

. %4 an extern unsigned int outstatus=¥0. (set equal to all ones).
kAR/

int outon(num)
/%%%x Turns on output rumber num ZAX/
int numg
{
if (num>16)
outputd(outstat &= *(0n0l << (num-9)));
else
output (outstatus &= ~(0x0) <L —-numl);
}

int outoff(num)
/#%% Turn off output number num XAX/
int num; | |
{
if (num>1G)
output2C(outstat [=(0::01 << (num=-9)))5
else
output(outstatuys [=(0:01 << ~~numl iy
}

int ison{num)

/&kx%x returms 1 if output mum is on, otherwise relurns O AAA/
int foamg
{
if (num>16)
return(l(ontstati 3 (Cu0l 40 (num-92)));
else
ceturn{! (outstatus & (001 < =--num)));
) .
int printl{(port,stq)
int port;
char Astg;
{
int index=0;
while (stalindex]!='\0")

{

if (port==2) prchar{stglinde:l))
else putchar(stqlindenl);
++inde]

}

}

int printint(port,num)
int port,num;
/% prints 3 positive integer (num) %/
{
char stgllol;}
char kptr=stqt+l4y
Aptr=/\0‘; /% end of ctring &/
do {
k(--ptr)=4u+num-(nun/10)A10%
num/=10;
ot |
while (num>0);
printl(port,ptr);
by

printiong{port,num,diqits,decimals,blank)
/xkx prints a long rnumber, wusing digits t of Jdigits, puting a kik/
/iii deciwal decimals places from the end, ard wzing blank A&/
/xk% to f£ill 211 blank spaces x&x&/
long nung
int port,digits,decimalsy
char blank;
{

extern int meiric)

char stallal,
char #ptr=stg+ld;
int 5

30
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Aptr=/\Q’; |

for (u=liua=digits;++y)

{
if (num==0}
A(--piri=tlank;
else
{
Al==pir)=48+nun-(rum/10)A10;
/=103
} .
if (x==decimals) if (metric) A(--ptr)=',"; else A(--ptr)=’.":
3 _
printi(port,ptr);

X

telluser(sty)
char Astg;

{

cis(),
printl(l,stqg);
waitstart();

}

printfract(port,{,denom)
float f; |
int port,denom;
/%% prints 2 flo3t number in fractionsl fore wilh derom 3s the
derominator {or a factor of it) Xi&/

{
int

=13
1 (2>0)
{
printint (port,)
printl{port,*' ")
b,
f-=x
n=fAdenom; :
while (u!=0 ¥& (n/2)AY==u)

.
}
"
L4

{
Ji/=33
Jenom/=2;
}
if (x1=0)
{

printint(port, ),
printl{port,*/");
printint{port,denom);
}

lllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

int sizepanel(numused, size, tolerance, maxtol, mayho)
/xk% sizes 3 panel to 3 widlh from cize to size+lolerance if it can.
Akk otheruwise takes the closest sise if within m3utol.
Ax% returns number of boards used to make panel in numuced.
Ak returns:

Ak 1 = found 3 combination

XAk 2 = found within maxtol, but over tolerarnce

kA% 3 = can't find within maxtol and maxboardeperpanel,
- RAK/

int Anumused, tolerance, maxtol, manto;

long size;

{

extern int boardsizel323, used(22], numslots:

int sortsizel22],
sortpointerf22],
pointer[ 223,
clpointeri2],
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numover=0,

nunb=0,

clnumb,

Jummy,

numboards=9,

Acltop,

xpoint,ippoint,Any, dpmavko;

long clsize=Yvye999L,
m3axhighsize=sise+maitol,
higqhsise=sizet+tolerasnce,
lengthl 221,
totalsize=0,
kplengihy

pmaxbo=pointer-maxboy
point=boardsize;

/k%% 3dd another board to sorted Jist AKX/
do {
do {
t+point;
if (++numboardsrnunslots) g4
} while (l&point); /Z&&kx shi
t+pmanboy,
cartsizel++numhl=4point;
sortpointerinumbl=numboards;]
totalsicet+=Apoint;
Y while(totalsicedsize),

to cantfind;

0
p zero sized boards AkE/

if (numb<3) qoto btottomup) /X244 decide which routine ta use AEA/
goto try;

addaboard:
do o
t+point;
if (+4+riumboards>numslots) aoto canmtfind;
} while (lipoint}; /7A&%% skip zero siznd boards x4/
t+pmanbog
sortsizel++numbl=4point;
cortpointerinumbl=riumboards;
totalsize+=Apoint;

1f (++numover>?) goto cantfind;

try:
/kk% try this combinztion AX%/
A{plength=length)=totalsice;
x(ppoint=pointer)=0;

checlsize!

/%% check these boards A4/

~if (Xplength<size) gqoto uppoint;

1f (Aplength<{=hiqhsize 2% ppointr=pmauko)
{
/krk qo0d size kkA/
pr=pointer+l;
Anynused=0;
for (dunmy=)j;dummy<=nuab;++Junmy)

{
1f (pxd=ppoint RE& Xpu==dummy)
t+piy
else
. usedl++Anumusedl=cortpointerldunmnyl;
} |
return(l);

3

/xx% keep track of smallest kii/

if (xplengih<clsize &% Aplenath<d=mauhiqhsize 3% ppoint>=pmaxbo)
{
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clnumb=nunt:; |
clsice=dplenqth;
for (px=puinter+1,cltnp=clpointer+l;pnirppuint;++pn,4+cltop)
Acltop=Ap:;
}

uplevel:
1f (kppoint<numb-1)
{
A{ppoint+1)=Appoint+1;
t+ppoint; .
k(plengih+l)='plenath-sortesinelippoint];
t+plength;
q0t0 checksize;
Y

downlevel:
--plenqth;
if (--ppoint==pointer) /A% ran out of rembinstions A&s/
90to addaboard;

uppoint:
1f (++ippoint==numb) goto Jounlevel;
Aplength=i(plength-1)-sortsizelAppointl;
goto checksine,

cantfindgd:

/ikk couldn’t find within tolerance A&%/
if (clsize==9999999L) return (3)3 /74%%% couldn’t find within mautol and maxbo k42/
else |

/hk%x return closest sizse &&&k/

{

pr=clpointer+l)

Anumused=0;

for (dummy=I1;dummy<=clrumb;++dunny)

{
if (pu<cltop &% Apu==dummy)
+4pu
else
usedl++inumuced]=sortipointerldunmyl;
}
return(2);

}

bottomup:
/kk% this part of the function will =cearch from the tottom up AAK/

pmaxbho=pointer+mantbo]

while(++numboards<=numslots)

o

++point;

1f (Apoint)
{
sortsicel++numbl=ipoint;
sortpointerinumbl=riumboards;
}

}

k(plength=length)=0L;
A{ppoint=pointer)=0;

clhecksize:
/kA* check thece boards kik/
if (Aplengthihinghsize)
{
/xk% keep track of sm3allest kki/
if (Aplenath<clsize %% Aplengthii=manhighsize &% ppoint<=pmanbo)
{
clsize=&plength;
for (px=painter+l,cltop=clpointertlipui=ppoint;+ipu,+icliop)
xcltop=dpu;
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}
noto ulppoint;
}
if (Xplengthd=cize ¥% ppointi=pmanio)
{ |
/kkk qood size XAk/
Anumised=0; .
for (px#pninter+l;pﬂ{=ppﬂint;++px)

{
ysedl++inumuysedl=sortpointerlApil;
by

return(l);

2

ulplevell
if (Appoint<numb)

{

k(ppoint+l)=kppoint+i;

t+ppoint; |

X(plengthtl)=plengthtsortcicelippointl]

++plength; _

goto clhecksize;

2

dlownlevell
--plength;
if (--ppoint==pointer) /k%%k ran out of combinations A&A/
qo0to clantfindy

glppoint:
if (++kppointe>nunt) qoto Jdleunlevel,
"Aplensth=A(plength-1l)+sortsicelAppoint];
qoto clhechksize)

clantfind:
/hk%k couldn’t find within tolerance k&X/
if Lclsize==9999999L) return (3); /44 couldn’l find within m3xtol and maubo RAR/
else

/4% return closest size &&=/
{

snmizsed=0;

for (pusclpointer+l)piicliopit+p:)
{
usedl++hnumisedi=sortpointerlips:l)
}

return(2);

}

}

- B
lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

-------------------------------------------------------------------------------------------

finclude "psio.h’ . ;

int makepanel(size,tolerance,mautnl)

/k&x makes one panel of size size ki k/
/kkk keeping the size within tolerance if possible, zand kA#/
/kk% always keeping the size within maxtiol. xkk/

/hkk does all sizing and motion control to mske one panel xik/
" Jkkk% returns number of boards sent out,
0 if stopped by hey being pressed A&/

long size;
int tolerance,matol;
{
extern long sizelett; [A%%k stores rem3aining sicze of pzrnel or O if done rhk/
extern int scandir,usedl221,boardsizel22],numslots, numslotplusl,boardssent;
extern int maxboards,
maxboardsprrpanel,
metrice,
releasecount, /k%% beeps track of ¥ of releases since last scan.  A#%?
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cerocount, ~ /&k% keeps trachk of ¢t of boards that are in the h&3
/kk% meazurement ares, but whose sizes are unbknown. AA2
rescan, /%% 1if thig fli3q is set, the machine should rescan, &2

int code,numnused,dunny,bateh,boardcount,d2;
lerng bestsize,totalsice,

batch=1;
if (sizeleft{=Q0)
{
sicelefi=size;
boardssent=0,
batch=0;
)
while (sizeleft>0)
{ :
3931n?
1f (rescan)
{
serocount=scanboardsimelric);
releasecount=0;
}
if (ischar() || =zecrocount==-1) qoto zbort]
code=cizepancl (&numuced,cizeleft,tolerance,mantol ,mankoardsperpanel-toardssent);
if (ischar()) aoto atori;
if (code!=1l) /#*% there ic no combirnation within initial tolerance AARK/

{
/%k% First, chechk hou many board:s are avaliable tn uyco ALY/
if (zerorountxd) /3&% more than 2 empty slots &&4/
{
if (releasecount==0) /4£&4 we just scanned ... muct be out of vood A&A/
{
/% Kun conveyor foruward for 3.9 ceconde A/
cls();
printl(l,*teed nore toards’);
outon(CONVEYODR);
delay (3500)
outoff (CORVEYOR) S
¥
/#kk scan the boards Art/
rescan=1;
90t0 333in; ‘
}
/% Calculate best size 4/
bestsize=0;
for (dummy=1idummy<=numslotis;++dummy)
{
bestsize+=hnardsizeLdummy];
}

testsize/=2)
if (sizeleftrbestsize) /A%A reasonable for double hateh $44/
{
/% send sizeleft-bestsize or 3ll, whichever’s smaller 4/
totalsizne=0;
numised=0;
do {
t+numused;
ysed{numusedl=rumused;
;utalsize+=h03rdsizetnumusedl;
while (totalsizeq{sizeleft-testcize-1.95 82 nunusedonunslots);
if ((fluat)numused}((flaat}totalsize/si:e)ﬁmaﬁbaardsperpanel)
{ /%4% the number of bosrds we were noing to serd oot in this batch 444/

------

/Axk would be mere than 10X over the parcentage of max boards A/
/kk% based on size 2k&/

cls(); .
printl(l,*Can’t find\nwithin mar\nbosrds/panel.\nkenove Smallest.');
ouston(CUONVEYDR);

delay(3000); -

ottof £ (COHVEYDR Y

notoc 3931n;

}
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else if (code==3) /4&% not reasonable to double batch, choke if not within mau
{
cle()}

printl(l,'Cant find withitdnmax. tolerance.\nlemove 3 board.');
outon (CUNVEYOR) ]

delay(3500);

ovtof f{CORVEYQDR) ]

qoto 2333in;

¥

} :
/4x*% send toards: let dummy point thru all selected boards Xxi%/
/XX let boardcount count ¢ nf boards sent kiX S

dummny=1;
vhile {(dumnmy<=numuced)

{
JhE% Wait it stop wand hib ixd/
do |

if (ischar()) gqoto aboart;

}
while (leenze{STUYUANL) )]

/% Send selected boards &/
t+releasecount;
boardcount=1;
while (dummy<=rumnused 3% boardcounti=maxbnards)
{
if (boardsizelucedbldummyll!=0)
{

outon(cyl (usedidummyl) );
sizceleft-=boardsicelusedldummyl];
boardsizelusedldunmyll=0;
++hoardeount;
++boardssent;
++zerocount;
}

++dummy |

Y
outon(CONVEYOK )}

if (batch++) Jdelay(300);
outon(APPLICATUR)
Jelay (50003
for (d2=13d32<=numelote;++32)
outofi(cyl (:12))]
delay(490); /% w3il arother .% sec to make sure pznel done /.
while (tsense(EYE));
while (sense(LEYE))
{ /% let stopuand control conveyors £/
if (lsense{(SIUFUAND))
{
d2=0;
while (sence(EYE) &8 lcencaf{L10PHANLY)
{
if (++3233009)
{
/(%% turn off conveyors and w3it for stopwand or eye
“AkA -to be cleared A/
outat f(CONVEYUR)
ontof f(AFFLICATIURY;
while(lsense(SYUPHAHL) B8 sense(EYE));
/3%% restart the coveyors if the stopwand is cleared XAX/
i1f (sense(STUFMAND))
{
outon{ATPLICATOR) ;
Jelay(300);
outon(CUHVYEYUR)
) |

' }
3
outof £ (COHRYEYUR) ;
if (code!=3 8% dummy==nunuszed)
{ 74%k% 1his 15 the 13t bateh of this panel &4/
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delay(400);

}
putoftf (AFFLICATUE) S
}
}
return{numnused);
abort:

if (sizelefi==cize) sizeletit=0]
return(0);
>

L T |
--------------------------------------------------------------------------------

lllllll

$include *psio.h’

diagqnostics()
/& Performs all diagnostic checks X/

{

extern int scandir,boardeizel221,rumslots,ccode;

int dummy,d2,d3,d4,time,highlS31,10uld],countidl,leftqood,rightgond;
float f;

cls(); printl(l,’\n Diagnosticsi\n\n');

/% Visual conveyor test &/
printl(l,* Conveyor\n'),
guton{CONVEYOR);
Jelay(2300);
outof f (CONVEYDK) ]
delay(800)]

/% Visual test of cylinders 2/
printl(l,* Cylindersin’);
for (dummy=1ljdummy<=rmumslols)++dummy)
.[
outon(eyl (dunmy) )y
for (d2=1;d2<=150005++4d2) ]
. outoff(cyl(dunmyl),
b

/%% test traverse speed, V| of Jdelimeter tranzitions, and AAA/
/xkk Ultrasonic adjustments X/

foursecans:
cls();
printl(l,*Testing traverse\nspeed and\nsensors.'),
for (dummy=1jdummy<=4;++dunnmy)
{
scanstart ()]
highldummnyl=readsize(]1)}
lowldumny l=re3adsize(0);
countidummyl=0; :
/tk%k keep {irack of minimum time between changes in d3 Akd/
d3=99293
do {
time=9;
while (lsense(LELINETEE) 3% ++timedo000) ]
if (Lime>=5000 %% countldummylIl0)
{
telluser(*lielimeterinesencor problem.\nlit any key.');
qoto fourscans,
b
if (LimedH(00)
A
tine=0;
vwhile (sence(UELIMETER) &% ++time<0000);
if (Lime>=5000)
{ |
telluzer(*lelineter\nsensor protlem.\nlit any key.');
goto fourscans!
by
t+countldumnny 1]
if (timedd3) d3=Lime;
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>
} while (time<3000 3,
if (43<1000)
{
telluser('Slow doun\ntraverse. Ther\nhilt any key.,'))
qoto fourscans;
¥
if (d3>2000)

{

tellucer(*Speed up\nitraverse. Then\rhit any key.'))
noto fourscans,

}

b
/kx%x four scans completed, check values obtained XA/

d2=countlll;] |
if (d2i=countl2] || 42!=countl3] || ddl=countidl}

{
telluser(®lntermitant\ndelineter sensor\mproblem: Slow\ndown traverse.')j

noto fourscans,

} |
if (d2413 {}| d42%23) /&%A b3d count AXk/
{

telluser{*Hzd delineter\neount, (Vvacbl\ndelimeter posi-‘ntions, hit key')y

goto foursecans)
. }

d3=03

d3=0) |

for (dummy=ljdumny{=47++Jumny)
{
d2+=hiqghldummyl/ 4]
33+=lowldummyl/ 43§

fnr}(dunmy=l;dummy{=4;++dummy)
ff (highUdummyd-d2:400 || d2-hiahLldummyds400 || lowldummyd- 435400 | d3-lowldur
felluser('lncﬁnsiztant\nultrgsnni:\nsensnr readings:\nlteplace?’); .
N h

checkagsin:
if (32800 }t 421100 [} d3<3000 || d3:3U00)

{
cis()} -
if (325800 |1 d3==32000)
{
printl(l,*Yurn =etn scrowinnut 174 turn.inlhen hit anylnkey. )]
waitstart ()]
cl=();
}
if (d42>1100)
{
printl(l,*Turn cero screvudnin 1/74 turn.\nYhen hit any\nkey.® ),
waitstarti);
cls();
}
if (43<3%09)

{
print1(l,"Yurn span screulnin 1/4 turn.\nlhen hit any\nkey.");

w3aitstart())
cls();

}
if (43>3800)

{
printl{(]l,*Yurn span screulnout 174 turn.\nlhen fhit any\nkey."'};

wailtstart Oy
cls();
}
scanstart();
for (dummy=1;dummy<=numslots+i;++dunny)
readsize(0);
d3=readsize(Q);
d2=readsize{l};
go0to checkanain;
}
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/hkk test inputs LA/

cls();

printi(l,*Inputl Testsi\r\n\nlrip the Eye\n');
dummy=sense(EYE) ]

while(dummy==sens2(EYE});
nrintl(l, 'Hove Stop Uand®);
dqummy=sense{STIOPWAND) §

while (dummy==sense (STOFUANTY) ]

/% Test qage block settings &/
cls(); o
ccode=lonzinput((lonqdccode,3,0,* - Enter\nCalitration Code®);
cls();
printl(l,"Put IN' blochksinin first t lact\nslots. Then hit\nany hkey.');:
leftqood=0;
rigqhtgo0d=0;
waitstart();
qg3ge3q3in:
cls();
for (d43=1,dummy=0,d2=0;d4<=37++43)
{
outon(CONVEYOR)
for (Jd4=1;d4=150005++d40 3
outof £ (COHVEYUR) ;
scanboards(0);
if (boardsizelll==34000 |] boardeizelnumslotsl==32000)
{
cl=();
primtl(l,"Error ... \nlry slowing\nlraverse®);
q0t0 935e39331n;
}
Jummy+=boardeizelll]
d21=hoardsicelrumzlaols)]
}
Jummy/=3;
3132/=3;
if Cdummy>=1495-coode &% Jummy<=1500-ccode) riqhtngnod=1; /& Kight 9342 block sucrcesst
if (d2>=149%-ccode B& d24=1000-ccode) leftqood=1; /X Left ngane block successful A/
if (irightgood {| !leitqoodd)

{
1f (irighiqood)
{
cls();
printl(l, "Hove asqge block\nil '),
if (dummy<l4v¥b-ccode)
{
printl(l, doun *);
f=(1497-ccode-dummy)%.02:
}
else ‘
{
printl(l,*up *};
f=(dummy-(1497-ccode) L. 02
}
if (£4.1235) £~.1235;
printfract(l,f,8);
printl(l, "\nturn. Yhen hit\nany hey."});
waitstart();
}
if (tleftgood)
{
cls();

printl(l,’Hove qage block\n¥l *):
if (d2<14Y5-ccode)
{ |
printl(l, *doun *);
f=(149%7-ccode~d2)%.02;
¥

else
{
printl(l,"up *);
f=(dd-(1297-ccoded ) k.00,
}



5,161,697

49

if (£4.12%) £-.133557
printfract(l,f,8);
printl{l, "\nturrn,
waitstart ()}
}

qoto g939e33ain;

}.

Then nitNnany key,');

S0

telluser(*lMiagnostics\nCompleted, hit\nany key tolmcontinue.’);

outon (CONVEYOK) §
delay(3000);
outoff (CUNVEYOR);
}

............

The flow chart of FIG. 10 is presented to aid in un-
derstanding the operations described in the computer
program listed above. In FIG. 10, numeral 100 denotes
start of the flowchart. Numeral 102 denotes the settings
formed by the user utilizing keyboard 48, described in
connection with FIG. 9 above. Standard diagnostic

~ tests performed on the computer operations are 1ndi-
cated at numeral 104 1n FI1G. 10.

Steps 106 and 108 in the flow chart indicates the lack
of the indication that the apparatus should stop; namely,
that no key on the controller 48 has been depressed or
no indication that the stop wand 8 is in the position
shown in FIG. 1.

The next function 110 is to scan the boards and again,
in 112, sense that any key is depressed. The boards are
selected through the combination of functions 114, 116,
118. 120 and 122. Again, the sensing of whether any key
is pressed, is indicated in block 124. The boards are then
sent to glue applicator, as indicated at 126 in FIG. 10.

The equations for measuring a particular board will
be described below.

In the equations following, the following applies:

Vi=value of 6" reference left (or right); Vo=value
of 1" reference left: Vi=value of 1" reference right;
V ,=value of a selected workpiece; d,=the distance to
the workpiece selected (i.e. V,); and diy=distance be-
tween Vs and V.

Calibration from far left to far right (or vice versa) is
represented by the following equation:

dn
B1 = =7

ds

A

dn

(Vi — 2} + V> s

g = (Vs — Va)y + 1

The above equation is designed to calibrate the height
above the boards of the analog sensor and the digital
sensor. The calibration equation above recognizes that
the height may be uneven from one far end support to
the other. More specifically, and with reference to FIG.
5 for example, the height of the scanning support 98,96
as mounted on rodless cylinder 24 and supported by
vertical supports 86,88 may not be uniform from one
end to the other. Thus, the 6" references and the 1"
references are used in the program to develop the cali-
bration signals g and ge representative of any difference
in height of the mounting of the analog scanner. More
specifically, if the analog electrical signal V3 IS greater
than V> then a calibration signal g is generated 1n lines
“g1” and “g¢” of the computer program described infra.
The signal is generated for the board located at a loca-
tion D, corresponding to the voltage V. In this man-
ner, the computer program generates a correction sig-
nal for each board location representative of the height
differential between the two references, Viand Vj.
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The height calibration is developed in the equation
which follows. In this equation, the difference between
the 1” reference and the 6" reference is utilized to estab-
lish in the program calibration of each of the locations
g1
The height calibration is represented by the following
equation:

. g1 — Vo)
Height =1 + 3 W

My invention recognizes that there are several alter-
natives to approaching computer analysis of a multiplic-
ity of different sized boards so as to determine which of
the boards make up the desired width panel.

One way to size the panels is to go through the signals
representative of the size of each board and adding up
the sizes, comparing them to the desired size and going
immediately to the next combination if the combination
size exceeds the maximum allowable panel size. This
approach involves the necessity to perform calculations
on every combination of panels.

Another method which may be employed is to take
the first n (say 5) boards such that the total size i1s over
the desired panel width. Then, from this combination of
the first n boards over the panel width, combinations of
boards are subtracted from the total size to get a result
of the proper size. The advantage in this method 1s that
you are taking combinations of boards at a time so that
a more rapid process is involved 1n reaching the combi-
nation of the desired size.

One of the problems in working with this approach is
that combinations of boards are repeated. For example,
if in this approach eight boards are being examined
subtracting one, two, three at a time and no combina-
tion is found, the approach must look at nine boards so
that any combination that subtracts the ninth board
involves simply a repeat of one of the combinations
tried when looking at eight boards.

The approach employed in the present program in-
volves several repeats. Lines “make a panel” through
“can’t find within tolerance” of the program described
infra control the selection process such that, for exam-
ple if nine boards are being tried, the program avoids
any combination that subtracts the ninth board (as this
was already accomplished in analysis of eight boards).
Further, if a combination of ten boards i1s being ana-
lyzed, the program does not calculate any combination
based on subtraction of board number ten.

In establishing the methods above, the determinations
were based on a test of sizing panels 12" to 30" wide on
a machine with thirteen slots and board sizes ranging
from 1" to 3",
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Obviously, depending upon other numbers of boards,
panel sizes, and combinations, other differing methods
may be employed.

While a specific embodiment of this invention is de-
scribed as is shown herein, it is to be understood that 3
other embodiments may be resorted to without depart-
ing from the spirit and scope of the invention.

I claim:

1. An apparatus for selecting among workpieces for
further processing comprising: 10
infeed means for supporting and advancing work

pieces from a first station to a second station:

means at said second station for inspecting said work

pieces and developing electrical signals indicative
of the height of each of said work pieces; 3
means connected to receive said electrical signals for
comparing said electrical signals with predeter-
mined height requirements and for generating out-
put signals as a result of said comparison;
selection means mounted in proximity to said work
pieces and coupled to receive said output signals
for simultaneously selecting at least two of said
work pieces:;
conveying means mounted in proximity to said selec-
tion means for simultaneously conveying said se-
lected work pieces for further processing: and

recording and control means connected to said con-
veying means for recording parameters relating to
the operation of the apparatus and for generating a
control signal when a predetermined number of
selected work pieces have been conveyed for fur-
ther processing.

2. Apparatus for automatically selecting a number of
work pieces for further processing to combine said 35
selected workpieces into an intermediate product of
predetermined dimensions comprising:

supply means for supplying a plurality of workpieces

of different dimension:;
signal generating means for generating an electrical 40
signal representative of the height dimension of
each of said workpieces, said signal generating
means Including:
support means for said signal generating means
connected to said supply means;
movable mounting means connected to said sup-
port means and to said signal generating means
for conveying said signal generating means in
proximity to said workpieces: 50
scanning means mounted on said movable mount-
ing means for generating a first electrical signal
indicative of said height dimension of each of
saild workpieces and a second electrical signal
identifying each of said workpieces; 55
means connected to said signal generating means for
simultaneously selecting at least two of said work-
pteces for further processing; and
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recording and control means connected to said con-

veying means for recording parameters relating to

the operation of the apparatus and for generating a

control signal when a predetermined number of

selected work pieces have been conveyed for fur-
ther processing.

3. The apparatus of claim 2 wherein said supply

means includes a plurality of separate tracks, each of

said tracks being formed by a plurality of rails separat-
ing one track from the other; and rotating means
mounted beneath said rails for advancing said work

pieces within said rails.

4. The apparatus of claim 2 wherein said means for
selecting at least one of said work pieces includes gating
means operable in a first position to block passage of
said work pieces and in a second position to permit
passage of said work pieces; said gate means including a

plurality of individually operable means each coupled
to said signal generating means. |

5. The apparatus of claim 4 further including means
coupled to said means for receiving said work pieces on
sald gate means assuming said second position, said
recelving means including means coupled to receive
sald work pieces to concentrate said work pieces; gluing
means coupled to receive said work pieces after concen-
tration thereof for applying glue to one surface of said
work pieces; and means contacting said glued work
pieces for stopping said apparatus on arrival of said
glued work pieces at a predetermined location.

6. The apparatus of claim 5 wherein said stopping
means includes a sensor mounted for contacting said
glued work pieces and for stopping said apparatus when
said sensor 1s in a first position and for permitting said
apparatus to operate when said sensor is in a second
position, said sensor being driven to said first position
by the presence of work pieces contacting said sensor
wand.

7. The apparatus of claim 2 wherein said first electri-
cal signal 1s an analog signal and said second electrical
signal is a digital signal.

8. The apparatus of claim 1 further including means at
said second station for inspecting said workpieces and
developing an electrical signal indicative of the location
of each of said workpieces.

9. The apparatus of claim 8 wherein said electrical
signals 1ndicative of the height of each of said work-
pieces are analog signals and the electrical signals indic-
ative of the location of each of said workpieces are
digital signals. |

10. The apparatus of claim 1 wherein said inspecting
means includes transporting means coupled to said elec-
trical signal developing means for carrying said electri-
cal signal developing means across said workpieces.

11. The apparatus of claim 1 further including cali-
brating means at said second station for generating a

calibration reference signal indicative of height.
% *x * * ¥
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